ABSTRACT. In mechanical systems the static deflection of the elastic elements is usual not appeared in the equations of motion. The reason is that either a linear model of the elastic elements or their too small sta.tic deflection assumption was accepted.
INTRODUCTION
Let us consider the simplest oscillatory system which consists of a mass M and the spring as shown in the Fig. 1 . The spring supporting the mass is assumed to be nonlinear with the characteristic f(u) = c,u+ {3,u 3 ,
Fig.t
so that the spring force acting on the mass M is c, (Ll.-x) + {3, (Ll.-x) 3 , 7 (1.1)
where c 0 is a positive constant and ,8 0 is either positive (hard.characteristic) or negative (soft characteristic), tJ. is the deformation of the spring at the static equilibrium position. This position is chosen as the reference position. When x = 0, the spring force C 0 !::J. +· ,8 0 !:l.
3 is equal to the gravitational force M g, that is
Measuring the displacement x from the static equilibrium position with x chosen to be positive in the upward direction, and applying Newton's second law of motion to the mass M we obtain Mx + c,x + 3 (3,6. 2 x-3(3, D.x 2 + (3,x 3 = 0.
It is supposed that ,6. is large and xis enough small, so that in comparison with linear terms, ,8 0 x 3 is a small quantity of second degree and {3 0 tJ.x 2 is of the first degree of smallness:
where E: is a small positive parameter. In this case {3 0 !::J. 2 x is finite.
Taking into account the viscous damping force h 0 X and exciting force P(t, x) which are both assumed to be small quantities of second degree and introducing the notation 2 c, + 3(3,6.2
we can write the equation of :motion of the mass M in the form:
( [1, 2] .
In the present paper a more general equation will be investigated. 4) where r is a slow time r = et, F( r, <p(rL x, X) is the periodic function relatively to tp with period 21r which can be represented in the form F(r, <p(r), x, :i:) 
Following to the asymptotic method of nonlinear oscillation [3, 4] where ttt(a, 0) are periodic functions of() with period 211' " which do not contain the first harmonics sin fJ, cos e, and a, () satisfy the equations:
Substituting these expressions into the equation (1.4) and comparing the coefficients of e and e- (2.4) gives:
2w 2 3
Comparing the first harmOnics sin 0, and cos 0 in the second equation of (2.4) yields: 
Thus, in the second approximation we have ,a 2 1
where a and () are determined from the equations
The oscillations are damped with the frequency depending on the amplitude. The oscillation is self-excited with a constant amplitude a 0 = 2. The essential difference in comparison with the classical Van -der -Pol oscillator is that the momentary frequency depends on the parameter a which can be either positive or negative or zero.
NON-STATIONARY NON-AUTONOMOUS SYSTEM
The approximate solution of the equation (1.4) in general case will be found in the form (3.1) where B = !!_<p + ,P and ui (r 1 a, ip 
The unknown functions A1, B1 and U 1 will be determined from the equation (3.3) . By comparing the coefficients of harmonics in (3.3) we obtain: 
Comparing the coefficients of sin 0 and cos 0 in (3. 7) we obtain ( ( ) ) a A, 3 . w-v r a,pM -2awBz = -aa -Esm 1/J) aB, (w-v(r) the parameters -= 0.5 · 10-3 , -2 -= 0.158 · 10-3 and -2 = +0.1 (Fig. 2) , - 
1.01
Comparing the Figs 2, 3 and Fig. 4 it is seen that increasing the velocity of passing through the resonance, the maximum of the amplitudes decreases and less peaks appear after the resl)nance peak. The maximum of the amplitudes of stationary oscillations is biggest.
Case 2. Passing of the system through the parametric resonance Assuming that the function F (r, p, x, i:) where a = ~ f3 ---2
• From these equations we obtain 4 6w
Hence, the equations of the second approximation become
(3.12) (3.14) {3.15)
~2 e e 2 h These equations are solved on the personal computer for the parameters --2 = 8.9 · 10- The most inter-esting phenomenon in the systems under consideration is that their nonlinearity depends not only on the nonlinear characteristic of the spring as in the classical theory but also on the static deflection .6.. Namely 1
If the spring has soft chasracter.istic (.B < 0) then the system under consider action also belongs to the soft type with more soft characteristic 1 because 3 s 1 2 Q = -/3--< 0.
6w 2
When the spring has hard characteristic {,B > 0), the system under consideration belongs to the hard type if (4.1) and to the soft type if (4.2) and to the neutral type if (4.3}
